. The amplified TEM images of NiO-PB6-Al2O3-TiO2 electrode.
Solar cell characterization
Photocurrent-Voltage (J-V) was measured under AM 1.5 G with light intensity of 100 mW/cm 2 by a solar simulator (Newport, model 91160).
The Incident-photon to current efficiency (IPCE) was measured by home-made system with a Xenon light source (Spectral Products ASB-XE-175), a monochromator (Spectral Products CM110) and a Keithley multimeter.
Charge lifetime, charge transport time and charge extraction measurements were performed in a Dyenamo tool-box DN-AE01 system. A small square-wave modulation was utilized based on a LED light source (Luxeon Star 1W) and the corresponding transient voltage and current were recorded by a 16-bit resolution data acquisition board (DAQ National Instruments) under open voltage or short circuit condition, respectively. Charge lifetime and charge transport time information was extracted by monoexponential fitting to the corresponding voltage/current response. As for the charge extraction measurements, the solar cells were firstly illuminated for 5 s under open-voltage condition, and then LED light was switched off. Meanwhile, the current-time relationship under short-circuit condition was recorded, and the extracted charges can be integrated accordingly. The transient absorption data for NiO-PB6-Al2O3-TiO2 ( Figure S1 ) is very similar to that of NiO-PB6-TiO2 published before. 1 The initial shoulder around 640 nm, seen also for NiO-PB6-Al2O3 ( Figure S2) , was assigned to the PB6anion formed by ultrafast (t < 120 fs) hole injection into NiO. The ground state of the dye in NiO-PB6-Al2O3-TiO2 is regenerated with t1/2  500 fs. This results in the Stark-shifted ground state spectrum that remains until the end of the optical delay (1.9 ns). After ca. 10 ps (cf. yellow spectrum at 14 ps) there is hardly any further spectral change, meaning that dye regeneration is essentially completed. In the decay associated spectra from the multi-exponential fit, we also see that most of the dye regeneration is described by the first two components 1 and 2. The Stark-shift of the ground state PB6 spectrum is due to the electric field created by the charges that are injected into the NiO and TiO2, respectively. It affects the absorption of the dye molecules, as demonstrated for other dye-semiconductor systems [3] [4] [5] . Because the lowest excitation has much charge transfer character, the PB6 dye is rather sensitive to the electric field effect. The dye loading experiment: the amount of absorbed PB6 was estimated from a so-called dye desorption experiment 6, 7 . The experiment procedures were described as follow. Firstly, 10 mM phenylphosphonic acid (sigma, 98%) in methanol solvent was prepared. Secondly, the PB6 sensitized NiO sample (1.0 cm*0.9 cm) was dipped into V=2 mL 10 mM phenylphosphonic acid solution for overnight. Then, the absorption coefficient εPB6 (εPB6=3.04*10 4 M -1 cm -1 in 530 nm) of PB6 in methanol was measured. Eventually, the absorption Are of the replaced PB6 by phenylphosphonic acid was measured. And the absorption of the NiO film before sensitization and after desorption was monitored afterwards.
Experiment results
According to Figure S6a , the absorption of the NiO film before sensitization and after desorption were basically identical, indicating the PB6 dye was fully replaced by the phenylphosphonic acid. No absorption of phenylphosphonic acid in methanol around 530 nm range was observed, shown in Figure  S6b . It means the absorption (Are) at 530 nm from the desorption solution was totally from the PB6 dye. 
cPB6 is the concentration of PB6 in the desorption solution; Mloading is the PB6 loading amount in the NiO film. S is the geometrical surface area of NiO film utilized in the dye desorption experiment.
So the PB6 loading amount is the NiO used in this paper was ca. 31.6 nmol/cm 2 . Figure S6 (a) Uv-vis absorption of NiO film before/after sensitization, and the NiO film after dye desorption experiment; (b) Uv-vis absorption of 10 μM PB6 in methanol solvent, 10 mM phenylphosphonic acid in methanol and the desorption PB6 in the phenylphosphonic acid solution.
